The sst2 somatostatin receptor mediates the antiproliferative effects of somatostatin analogs. The present study demonstrates that stable expression of sst2 in the hamster pancreatic cancer cells PC-1 and PC-1.0 activates an autocrine negative loop leading to an in vitro inhibition of cell proliferation. In vivo studies conducted in Syrian golden hamsters after orthotopic implantation of PC-1.0 cells showed that both tumor growth and metastatic progression of allografts containing 100% of sst2-expressing cells were significantly inhibited for up to 20 days after implantation, as compared with control allografts that did not express sst2. A local antitumor bystander effect was observed after induction of mixed tumors containing a 1:3 ratio of sst2-expressing cells to control cells. Tumor volume and incidence of metastases of mixed tumors were significantly reduced at day 13 post implantation. This effect decreased with time as at day 20, growth of mixed tumors was similar to that of control tumors. After administration of the cytotoxic somatostatin conjugate AN-238 on day 13, antitumor bystander effect observed in mixed tumors was significantly extended to day 20. We also observed that in vitro invasiveness of sst2-expressing PC-1.0 cells was significantly reduced. Tyrosine dephosphorylation of E-cadherin may participate in restoring the E-cadherin function, reducing in turn pancreatic cancer cell motility and invasiveness. This dephosphorylation depends on the tyrosine phosphatase src homology 2-containing tyrosine phosphatase 1 (SHP-1) positively coupled to sst2 receptor. The inhibitory effect of sst2 gene expression on pancreatic cancer growth and invasion combined with chemotherapy with targeted cytotoxic somatostatin analog administration provides a rationale for a therapeutic approach to gene therapy based on in vivo sst2 gene transfer.
The sst2 somatostatin receptor mediates the antiproliferative effects of somatostatin analogs. The present study demonstrates that stable expression of sst2 in the hamster pancreatic cancer cells PC-1 and PC-1.0 activates an autocrine negative loop leading to an in vitro inhibition of cell proliferation. In vivo studies conducted in Syrian golden hamsters after orthotopic implantation of PC-1.0 cells showed that both tumor growth and metastatic progression of allografts containing 100% of sst2-expressing cells were significantly inhibited for up to 20 days after implantation, as compared with control allografts that did not express sst2. A local antitumor bystander effect was observed after induction of mixed tumors containing a 1:3 ratio of sst2-expressing cells to control cells. Tumor volume and incidence of metastases of mixed tumors were significantly reduced at day 13 post implantation. This effect decreased with time as at day 20, growth of mixed tumors was similar to that of control tumors. After administration of the cytotoxic somatostatin conjugate AN-238 on day 13, antitumor bystander effect observed in mixed tumors was significantly extended to day 20. We also observed that in vitro invasiveness of sst2-expressing PC-1.0 cells was significantly reduced. Tyrosine dephosphorylation of E-cadherin may participate in restoring the E-cadherin function, reducing in turn pancreatic cancer cell motility and invasiveness. This dephosphorylation depends on the tyrosine phosphatase src homology 2-containing tyrosine phosphatase 1 (SHP-1) positively coupled to sst2 receptor. The inhibitory effect of sst2 gene expression on pancreatic cancer growth and invasion combined with chemotherapy with targeted cytotoxic somatostatin analog administration provides a rationale for a therapeutic approach to gene therapy based on in vivo sst2 gene transfer.
bystander effect ͉ tumor invasion ͉ targeted chemotherapeutic agent ͉ experimental gene therapy ͉ E-cadherin S omatostatin is a widely distributed peptide that negatively regulates a number of cellular processes, including growth of multiple epithelial cell types (1) . Somatostatin and its stable analog suppress the growth of various cancer cells, including neuroendocrine tumors that express somatostatin receptors (2, 3) . The evidence indicates that direct antiproliferative effects of somatostatin and its analogs are mediated by specific cell surface receptors. Five subtypes of somatostatin receptors have been cloned from human, mouse, and rat (4) . We found that, among them, the subtypes sst1, sst2, and sst5 mediate the antiproliferative effect of stable somatostatin analogues in vitro (5) . We demonstrated that somatostatin subtype 2 (sst2) receptor mediated this antiproliferative effect through the association and stimulation of the tyrosine phosphatase src homology 2-containing tyrosine phosphatase 1 (SHP-1) activity (5, 6 ) and the subsequent arrest of cells in G 0 ͞G 1 phase of cell cycle in response to an up-regulation of CDKI p27 KIP1 expression and an increase in hypophosphorylated retinoblastoma protein level (7) .
At present, pancreatic cancer is the fourth leading cause of cancer related deaths in Western countries. The only curative treatment of pancreatic cancer is a surgical resection. Unfortunately, a surgery for curative purposes is possible only in 10% to 15% of cases, and the overall five-year survival rate of pancreatic cancer is as low as 3.5%. To improve the effectiveness of treatment, an adjuvant therapy should be applied. In addition to new regimens of radio-or chemotherapy, gene therapy could be considered as a possible therapeutic tool for pancreatic cancer. We recently proposed an approach of gene therapy for pancreatic cancer based on the antioncogenic effects provided by the sst2 receptor gene expression (8) . This approach was based on our previous demonstration that a specific loss of sst2 gene expression occurs in human pancreatic adenocarcinomas and in most of derived cell lines (9) . These results correlate well with studies revealing that somatostatin-binding sites are either not detected or poorly detected in pancreatic adenocarcinomas by using both in vitro binding assay and in vivo scintigraphy or immunohistochemistry (1, 10) . We postulated that the loss of sst2 expression in pancreatic cancer could confer a growth advantage in these tumors (9) . This conclusion was subsequently strengthened by the correction of the sst2 defect in the human pancreatic cancer cell lines BxPC-3 and Capan-1 (11) . Stable transfection of these cells with the human sst2 cDNA resulted in the induction of a negative-autocrine loop with secretion of endogenous ligand that activated constitutively the recombinant sst2 receptor. In vitro cell growth and both in vitro and in vivo tumorigenicity were significantly reduced in sst2-expressing cells (11) . Experiments conducted in athymic mice demonstrated a dramatic decrease in tumor growth, as well as both local and distant antitumor bystander effects (11, 8) . These results led us to conclude that (i) the human sst2 acts as a tumor suppressor in pancreatic cancer and (ii) the transfer of sst2 gene could represent a special therapeutic approach to this adenocarcinoma. Recently, we conducted preclinical studies demonstrating that somatostatin receptor-targeted chemotherapy caused inhibition of growth of primary tumors and their metastases. These results have been obtained after administration of the cytotoxic somatostatin analog AN-238 in mammary, brain, prostate, and renal cancer models expressing sst2 and sst5 receptors (12) (13) (14) (15) (16) . In the present study, we used a transplantable model of pancreatic carcinoma in hamsters to investigate whether sst2 gene transfer in pancreatic cancer cells in combination with targeted cytotoxic somatostatin analog treatment could result in the inhibition of the primary tumor growth and metastatic progression. Molecular mechanisms involved in these effects were also investigated.
Materials and Methods
Peptides and Expression Vectors. Somatostatin-14 and Tyr (11)-somatostatin-14 were from Novartis (Basel, Switzerland). Somatostatin analogs RC-160 and AN-238 (2-pyrrolinodoxorubicin linked to carrier RC-121) were synthesized as described (17, 18) . Human sst2 cDNA was kindly provided by G. I. Bell (Howard Hughes Medical Institute, Chicago, IL.) and subcloned in pRS2 dicistronic mammalian expression vector (11) . Mouse C453S-SHP-1 mutant (7) was subcloned in pcDNA3 vector and was a gift from C. Nahmias (ICGM Cochin, Paris).
Cell Culture and Transfections. PC-1 cells were derived from pancreatic ductal carcinoma induced by N-nitrosobis(2-oxopropyl) amine in hamster (19) . PC-1.0 cells derived from s.c. PC-1 tumors (20) . The cells were cultured in RPMI medium 1640 containing 5% FCS, fungizone, streptomycin, and penicillin. PC-1 and PC-1.0 cells were transfected with pRS2 vector by using Lipofectamine reagent (GIBCO). Stable transfectants (named PC-1.0͞sst2 and PC-1͞sst2) were selected in 5% FCS RPMI medium 1640 containing 0.6 mg͞ml Geneticin (G418; Sigma). Selected Geneticin-resistant clones were then cultured in medium containing 0.2 mg͞ml and examined for their ability to bind [ 125 I-Tyr
11
]somatostatin-14. Cells were concomitantly transfected with a mock vector (pSV2neo; Invitrogen) devoid of sst2 cDNA. These clones and wild-type cells were used as control cells. For transient transfections, PC1.0 and PC1.0͞sst2 cells were grown in 100-mm diameter dishes (7.10 5 cells per dish) for 18 h in RPMI medium 1640 containing 5% FCS. After the medium was removed, cells were transfected in serum-free medium with 2 g of pcDNA3͞C453S-SHP-1 vector and 10 l of polyethylenimine (Exgen 500 transfection reagent; Euromedex, Souffelweyersheim, France). After 3 h, FCS was added to the transfection medium (final concentration of 5%). Cells were then allowed to grow for 18 to 48 h before Western blotting or in vitro invasiveness assays, respectively. Cells transfected with pcDNA3 vector (Invitrogen) alone were used as control cells.
Binding Study. Cell membranes were obtained from culture cells or from tumors as described (5, 21) , and somatostatin binding was performed after acid washing by using labeled [ 125
ITyr

11
]somatostatin-14 as described (5, 21) . Binding assays were performed in triplicate in at least three separate experiments. Dissociation constant (K d ), maximal binding capacity (B max ), and IC 50 values were determined by using the nonlinear, least squares curve-fitting computer program, LIGAND, and GraphPad (San Diego) PRISM program.
Cell Growth Assay. PC1.0 cells were plated in 35-mm diameter dishes at 4.10 4 cells͞ml (2 ml per dish) in RPMI medium1640 containing 5% FCS. After a 12-h attachment phase, the medium was then replaced by fresh medium with or without FCS, and cells were cultured for 3 days. Cell growth was measured by cell counting by using Coulter counter model, Coulter Z1 (Coultronics France S.A.) (5).
Reverse Transcription (RT)-PCR Assays. Total RNA was extracted by the guanidinium thiocyanate-phenol-chloroform method (9) . RT-PCR was performed by using specific sense and antisense primers for rat preprosomatostatin, human sst2, and ␤ actin (9, 11, 21) .
Animals and Experimental Protocols. Five-week-old male Syrian golden hamsters (weighing 70-80 g) were obtained from Harlan France (Gannat). They were kept in a temperature-controlled room with a 12-h light͞12-h dark schedule and received pelleted diet and water. As described (22) with minor modifications, PC-1.0 cells were implanted orthotopically into hamsters. Briefly, under pentobarbital anesthesia and after a minilaparotomy, 5 ϫ 10 5 PC-1.0 cells resuspended in 0.1 ml of FCS-free RPMI medium 1640 were injected into the tail of the pancreas under microscope (KAPS-SoM82, Bordeaux, France) by means of a sterile 29G lymphography catheter set (Vygon, Ecouen, France). Intrapancreatic allografts grew rapidly and were palpable 10-13 days after implantation. Because of the fast growth of tumors and their metastases, treatments were initiated within 20 days after inoculation. Three types of experiments were conducted by using groups of four to five animals.
Exp. 1. PC-1.0, PC-1.0͞neo and PC-1.0͞sst2 cells were injected orthotopically into the pancreatic tail of Syrian golden hamsters to generate control and sst2 tumors. Tumor size was measured with calipers at 6, 9, 11, and 13 days post implantation after median laparotomy under pentobarbital anesthesia. Tumor volume was determined by the equation V ϭ W 2 ϫ L͞2, where W ϭ width and L ϭ length.
Exp. 2. Growth curves of orthotopic allografts were obtained by inoculating mixed populations of PC-1.0͞sst2 and PC-1.0 cells at a ratio of 25:75 (5 ϫ 10 5 cells per allograft); these allografts were called mixed tumors. The tumor growth curves obtained were compared with those generated after injections of PC-1.0͞sst2 cells (sst2 tumors) and PC-1.0 cells (control tumors). At day 13, tumor volume and metastases count were determined after median laparotomy.
Exp. 3. Thirteen days after implantation, animals bearing control, sst2, or mixed tumors were divided into two groups each that received the following treatments as single i.v. injections: vehicle solution (5% glucose) or cytotoxic somatostatin conjugate AN-238 (100 nmol͞kg). All of the injections were administered through the jugular vein under sodium pentobarbital anesthesia after tumor volume assessment and metastases count evaluations under median laparotomy. The effects of treatments were evaluated at day 20.
For each experiment, primary tumors or metastases were dissected and fixed in Dubosq Brazil medium for further histological analysis (8) . Some tumors were also immediately placed in cold isopentane, frozen in liquid nitrogen, and then kept at Ϫ80°C for sst receptor binding or RT-PCR assays.
In Vitro Invasion Assay. The invasive potential of cultured tumor cells was tested by using Matrigel-coated Transwell (Becton Dickinson) with 25-mm diameter polyvinylpyrrolidone-free polycarbonate filters of 8 m size (Nalge; Nunc). Matrigel, diluted to 1:20 (250 g͞filter) with RPMI medium 1640, was used to coat filters (700 l) and allowed to dry overnight under UV light. Cells (4 ϫ 10 4 ) were plated on top of Matrigel in serum-free RPMI medium 1640 supplemented with 1% BSA. RPMI medium 1640 containing 10% FCS was placed on the bottom of the wells. Plates were incubated at 37°C for 48 h, and cells that invaded Matrigel and passed to the lower compartment of the filters were visualized by fixation with 3% (vol͞vol) paraformaldehyde and staining with crystal violet at a final (6) . Fifty micrograms of proteins were resolved through 7.5% SDS͞poly-acrylamide gels, transferred to a nitrocellulose membrane, and immunoblotted with anti-E-cadherin or anti-phosphotyrosine (Euromedex) or anti-SHP-1 Abs (Transduction Laboratories) as described (6) . Immunoreactive proteins were visualized by the ECL immunodetection system (Pierce) and quantified by image analysis using Biocom apparatus.
Statistical Analysis. Results are expressed as mean Ϯ SEM. Statistical comparison was performed by using 2 , paired or unpaired Student t tests. P Ͻ 0.05 was considered significant.
Results
Constitutive Inhibition of PC-1.0 and PC-1 Pancreatic Cancer Cell
Growth by sst2 Expression. The human somatostatin receptor sst2 was stably expressed in PC-1.0 and PC-1 cells. One clone of PC-1.0͞sst2 and two pools of PC-1͞sst2 cells were selected. Using RT-PCR assay, we verified that PC-1.0͞sst2 and PC1͞sst2 cells expressed human sst2 transgene at the mRNA level, whereas control cells did not (Fig. 1A, data ]somatostatin-14 were calculated. However, only low-affinity binding for somatostatin analog RC-160 was found (IC 50 , 0.6 Ϯ 0.2 M), indicating that sst2, sst3, and sst5 subtypes were not expressed endogenously. In displacement experiments, an IC 50 value of 2.4 Ϯ 0.9 nM could be determined with the selective sst1 analog CH-275, indicating that PC-1.0 cells possibly express the sst1 subtype. In PC-1.0͞sst2 cells, somatostatin binding was increased to a B max value of 29 Ϯ 3 fmol͞mg. A high affinity for the somatostatin analog RC-160 was also observed, with an IC 50 of 8 Ϯ 1 nM indicating the presence of recombinant sst2 receptor at the protein level. Similar results were obtained with PC-1͞sst2 pools (data not shown).
Growth curves for sst2-expressing and control cells in vitro illustrate how the introduction of exogenous sst2 cDNA influences growth parameters. As shown in Fig. 1C , both PC-1.0 and PC-1 cells expressing sst2 and cultured in serum-free medium showed a significant reduction of cell growth in the absence of exogenous ligand, as compared with their respective control cells. After 2 days of culture, PC-1.0͞sst2 and PC-1͞sst2 cell proliferation was reduced by 32% Ϯ 6% and 42% Ϯ 15% (from three separates experiments in triplicate, P Ͻ 0.01). Similar results were obtained in serum-containing medium (data not shown). To verify whether the constitutive inhibition of PC-1.0 and PC-1 cell growth by sst2 expression was induced by production of somatostatin, we examined the expression of preprosomatostatin mRNA by RT-PCR analysis. When cells were cultured for 48 h, the level of preprosomatostatin transcripts was up-regulated in sst2-expressing PC-1.0 cells as compared with control cells (Fig. 1B) . Similar results were observed for PC1͞sst2 cells (data not shown from analysis performed at 24, 48, and 72 h of culture). can influence the neighboring cells, by a so-called ''bystander effect,'' mixed allografts containing 25%:75% ratio of PC-1.0͞sst2 cells to PC-1.0 cells were inoculated into the tail of pancreas. As shown in Fig. 3 Left, growth of primary pancreatic mixed tumors was significantly inhibited as compared with control tumors. However, the volume of mixed tumors remained significantly higher than that of exclusively sst2 tumors.
Sensitization to Chemotherapy with a Targeted Cytotoxic Somatosta-
tin Conjugate AN-238 by sst2 Gene Transfer. As shown in Fig. 3 Right, 20 days after implantation, the volume of pancreatic mixed tumors was not different from that of control tumors. The volume of sst2 tumors was significantly reduced when compared with control tumors but was significantly higher than that of sst2 tumors at 13 days after implantation (P ϭ 0.0079, paired t test). RT-PCR confirmed the presence of mRNA for sst2 in tumor samples (sst2 tumors) at day 13 (data not shown). Binding study was also performed on membranes isolated from control and mixed tumor samples at day 13 after inoculation. No specific binding could be found on membranes from control tumors, whereas membranes from mixed tumors expressed specific binding for the analog RC-160 (data not shown). Thus, hamsters bearing control, sst2, or mixed tumors were injected 13 days after intrapancreatic tumor cell inoculation with AN-238 (2-pyrrolinodoxorubicin linked to carrier RC-121) or vehicle. As shown in Fig. 3 , after administration of AN-238, volumes of both sst2 and mixed tumors at day 20 were significantly lower than that of the control tumors. However, despite the administration of AN-238, the volumes of mixed and sst2 tumors continued to increase significantly as compared with their initial volume on day 13 (0.0178 Ͻ P Ͻ 0.0033, paired-t test).
The Expression of sst2 Receptor Is Responsible for the Inhibition of Metastatic Progression of Pancreatic Carcinoma Established in
Hamster. A summary of the incidence of metastases at days 13 and 20 is given in Table 1 . On day 13, the incidence of both distal and proximal histologically proven metastases was significantly reduced in hamsters bearing sst2 and mixed tumors, as compared with animals bearing control tumors. On day 20, in untreated animals, this decrease remained significant only for sst2 tumors. In animals treated with AN-238, incidence of metastases was lower for sst2 tumors, as compared with untreated animals. However, AN-238 administration did not reduce the rate of metastases accompanying control or mixed tumors on day 20.
The Expression of sst2 Receptor Is Responsible for the Inhibition of in
Vitro PC-1.0 Cell Invasiveness. To characterize the inhibitory effect of sst2 expression on the invasiveness of pancreatic cancer cells, the ability to PC-1.0 cells to migrate through a Matrigel-coated filter was assessed. As shown in Fig. 4 , a dramatic decrease of PC-1.0͞sst2 cell invasiveness was observed, as compared with PC-1.0 cells in the absence of exogenous somatostatin ligand. Quantitative analysis from four separate experiments revealed that the invasion of sst2-expressing cells was reduced by 55% Ϯ 5% and 49% Ϯ 8%, when compared with PC-1.0 and PC-1.0͞neo cells, respectively.
E-Cadherin Is Dephosphorylated on Tyrosine Residues in Pancreatic Cancer Cells Expressing sst2 Receptor by a Mechanism Involving the
Tyrosine Phosphatase SHP-1. An altered pattern of E-cadherin expression and͞or function has been associated with cell invasiveness and poor differentiation and͞or prognosis of pancreatic cancer. As shown in Fig. 5A , no difference could be detected between E-cadherin expression of PC-1.0͞sst2 cells and PC-1.0 or PC-1.0͞neo control cells. Results were identical, the cells being cultured for 24 or 48 h (data not shown). However, as shown in Fig. 5C Upper, phosphorylation of E-cadherin on tyrosine residues was reduced by 45% Ϯ 5% in sst2-expressing cells when compared with PC-1.0 or PC-1.0͞neo control cells (five separate experiments). Fig. 5B shows that transfection of C453S-SHP-1 mutant is accompanied by an increase of SHP-1 expression. Transient expression of dominant negative SHP-1 mutant form in PC-1.0͞sst2 cells reversed the hypophosphory- lation of E-cadherin on tyrosine residues by 50% Ϯ 4% (Fig. 5C  Upper) . No effect of SHP-1 mutant has been observed on PC-1.0. The blots were reprobed with anti-E-cadherin Abs to ensure that comparable amounts of E-cadherin were immunoprecipitatd at each points (Fig. 5C Lower) . We also observed that transient transfection of the SHP-1 mutant in PC-1.0͞sst2 cells restores the invasiveness of PC-1.0 control cells (data not shown).
Discussion
In the present study, we demonstrated that the expression of sst2 gene in hamster pancreatic cancer cells activated an autocrine negative loop that was responsible for an inhibition of cell growth in vitro. This effect was accompanied by an antioncogenic effect observed in vivo after orthotopic allotransplantation of recombinant cells. In a parallel manner, an antitumor bystander effect was observed in primary tumors containing a mixed population of cancer cells, among which only 25% expressed sst2 receptor, the growth of mixed tumors being significantly reduced as compared with controls that did not express sst2. The mechanism of this bystander effect is unknown, but, in the nude mouse model, we postulated that a local bystander effect could result from sst2 expression that in turn would increase local production of somatostatin and induce apoptosis by a negative autocrine loop (8) . In the present study, we did not find a significant increase of serum somatostatin immunoreactivity in any of the tumor-bearing hamsters at different times of observation (data not shown). However, paracrine effect of somatostatin produced by sst2-expressing cells could play a major role in our model. Locally produced somatostatin could inhibit the release of growth factors and bind to sst1 receptor that is possibly expressed endogenously in PC-1.0 cells and that mediates the antiproliferative effect of somatostatin-14 (5, 8) . Moreover, we found somatostatin binding sites for somatostatin analogue RC-160 in Table 1 . Incidence of metastases after intrapancreatic implantation of PC-1.0 (control tumors), PC-1.0͞sst2 (sst2 tumors), and a mixed population of PC-1.0͞sst2ϺPC-1.0 cells (25%Ϻ75%, mixed tumors)
Groups Metastases on day 13
Metastases on day 20
Ϫ AN-238 ϩ AN-238 Control P, 95%; D, 81% (n ϭ 22) P, 100%; D, 100% (n ϭ 10) P, 90%; D, 100% (n ϭ 10) sst2 P, 19%*; D, 19% (n ϭ 26)* P, 70%*; D, 50% (n ϭ 14) † P, 36%* ‡ ; D, 36% (n ϭ 14)* Mixed P, 43%*; D, 37% (n ϭ 30)* P, 90%; D, 100% (n ϭ 10) P, 100%; D, 80% (n ϭ 10)
Results are expressed as percentage of proximal (regional lymph nodes, spleen, stomach, and epiploon) and distal (liver and peritoneum) metastases at 13 and 20 days after implantation, with (ϩ AN-238) or without (Ϫ AN-238) a single i.v. administration of AN-238 analog on day 13. Cumulative results obtained from experiments 1, 2 (day 13; Figs. 2 and 3) , and 3 (days 13 and 20; Fig. 3 ) are given (number of animals evaluated is indicated in parenthesis). P, proximal metastases; D, distal metastases. Difference with control: * , P Ͻ 0.001; †, P Ͻ 0.05. Difference with untreated animals: ‡, P Ͻ 0.05 ( 2 test). mixed tumors. This binding could account for sst2 transgene expression, but other subtypes such as sst5 may also be involved, the expression of which can be increased after chronic exposure of cells to somatostatin ligand (8) . It is well known that, in gene therapy approach for solid cancers, the transfer of the therapeutic gene in all tumor cells is unlikely. A bystander killing effect on nontransduced cells as well as a long-term antitumor effect are thus required for the success of the cancer gene therapy. In our model, a significant antitumor bystander effect was reached when only 25% of tumor cells expressed sst2. However, this effect decreased in time. Because on day 13 after implantation both sst2 and mixed tumors still expressed somatostatin receptors, we administered the cytotoxic somatostatin analog AN-238 at dose of 100 nmol͞kg. As result, both antioncogenic and antitumor bystander effects could be observed for sst2 and mixed primary pancreatic tumors even 20 days after implantation. However, control tumors, which did not express somatostatin receptors at day 13, showed no response to AN-238 treatment. The mechanism of action of AN-238 in hamster pancreatic cancer cells remains unknown. It probably binds to tumor membrane receptors such as sst2 or sst5 that are not occupied by somatostatin ligand produced by the autocrine loop. This binding results in an accumulation of its cytotoxic radical, 2-pyrrolinodoxorubicine (12) (13) (14) (15) (16) 23) . The significant antitumor effect on primary pancreatic tumors in our model may be important for designing a therapeutic strategy by using sensitization to chemotherapy by sst2 gene transfer.
In addition to the antitumor effect on primary tumors, sst2 expression led also to an inhibition of metastatic progression observed on day 13 both for sst2 and mixed tumors. AN-238 analog administration extended this effect for sst2 tumors, but not for mixed tumors. These latter results suggest that metastases already present on day 13 or newly formed were not sensitive to cytotoxic somatostatin conjugate. Moreover, the critical mass of cells that become invasive could be higher in mixed tumors than in sst2 tumors after 13 days of growth.
In a view of the high invasive potential of pancreatic carcinoma, the inhibitory effect of sst2 expression on pancreatic cancer cell invasion is most important in planning a strategy for gene therapy.
We tried to study the mechanism involved in this effect. In epithelial cells, intercellular adhesion is mediated by E-cadherin, a 120-kDa transmembrane glycoprotein localized at the adherens junctions. E-cadherin interacts with the actin cytoskeleton through cytoplasmic proteins named ␣, ␤, and ␥ catenins. The dysfunction and͞or the loss of Ecadherin͞catenins complex has been strongly implicated in the carcinogenesis and invasiveness of cancerous epithelial cells, including pancreatic cancer cells (24) (25) (26) . The complex can be negatively regulated at different levels with mutation, loss of expression, and tyrosine phosphorylation. However, sst2 expression did not affect E-cadherin protein level in PC-1.0 cells. Regulation of E-cadherin function is not well understood, but a decrease in tyrosine phosphorylation seems to stabilize cadherin-dependent cell contacts (27, 28) . We observed here that phosphorylation of E-cadherin on tyrosine residues was reduced in sst2-expressing cells. Regarding the reversing effect of dominant negative SHP-1 mutant expression, dephosphorylation of E-cadherin seemed to depend on the protein tyrosine phosphatase SHP-1 known to be positively coupled to sst2 receptor (6) . Moreover, the fact that transient transfection of the SHP-1 mutant in sst2-expressing cells restores the cell invasiveness, suggests that tyrosine dephosphorylation is also implicated in the inhibition of invasiveness induced by sst2 expression. We can postulate that activation of tyrosine phosphatase SHP-1 coupled to sst2 may dephosphorylate and thus restore E-cadherin function that reduces pancreatic cancer cell motility and invasiveness.
In conclusion, the inhibitory effect on pancreatic cancer growth and invasiveness induced by sst2 receptor gene expression provide a rationale for developing a therapeutic approach to gene therapy. In addition, sst2 gene transfer in pancreatic carcinomas may result in sensitization with a targeted cytotoxic somatostatin analog improving the outcome of systemic treatment of this malignancy.
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